Mycotoxins are considered unavoidable contaminants in foods and feeds because agronomic technology has not yet advanced to the stage at which preharvest infection of susceptible crops by fungi can be eliminated. The aflatoxins have received greater attention than any of the other mycotoxins because of their demonstrated carcinogenic effects in susceptible animals and their acute toxic effects in humans.
Introduction
The occurrence of mycotoxins in foods and feeds is a problem of major concern, not only in the United States, but all over the world. Various genera of fungi can produce mycotoxins whenever optimal conditions of temperature, humidity, and a suitable substrate prevail in a given area. Many mycotoxins elicit acute, chronic, and subchronic toxicological manifestations in humans and susceptible animals, depending on the concentration and duration of exposure to the toxin and on the age and nutritional state of the animal. J. Anim. Sci. 1992. 70:3941-3949 Although hundreds of mycotoxins have been identified, information about many of them is limited with regard to their natural occurrence, stability in foods and feeds, and toxicity to humans. In view of the diversity of toxicological manifestations and the economic losses after exposure to certain mycotoxins, there is a continuous need to protect the health of humans and susceptible animals by limiting their exposure to these toxins. The aflatoxins have been of intense interest to scientists because of their potent carcinogenic effects in susceptible animals and acute toxicological effects in humans. This article will focus on measures being taken by the Food and Drug Administration (FDA) to ensure that the food and feed supplies in the United States are relatively free of aflatoxin contamination. Activities and concerns relating to other mycotoxins will be noted.
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Program Design
Mycotoxins are considered to be unavoidable, added poisonous contaminants in susceptible food and feed crops. It is not possible to predict their presence or to prevent entirely their occurrence during preharvest, storage, and processing opera tions by current agronomic practices. Many countries have enacted legislation that limits the amount of selected mycotoxins permissible in foods and feeds in commercial channels (van Egmond, 1989) . In the United States the legal basis for regulating poisonous substances in food is the Federal Food, Drug, and Cosmetic Act, which prohibits the entry of a n adulterated food or feed into interstate commerce. The FDA has enforced regulatory limits on aflatoxins in foods and feed since 1965. The rationale for this action was based on the finding that aflatoxins were potent hepatocarcinogens in some animal species. Therefore, their presence in foods and feeds should be restricted to the minimum concentrations attainable by modern production and processing techniques. The aflatoxins B1, B2, GI, G2, and MI are the only mycotoxins currently being monitored and regulated in the United States.
The monitoring efforts for mycotoxins include a formal compliance program and exploratory surveillance activities. The objectives of the compliance program are to collect and analyze samples of foods and feeds to determine compliance with FDA regulatory levels; to remove from interstate commerce those foods and feeds that contain aflatoxins a t concentrations judged to be of regulatory significance; and to determine the awareness of potential problems and control measures employed by distributors, manufacturers, and(or1 processors. The objective of the exploratory surveillance program is to obtain background exposure data for a particular mycotoxin that can be used in conjunction with toxicological data to determine whether a regulatory control program is warranted. The monitoring efforts are directed a t regions and commodities that historically have a high level of contamination or in response to new information on contamination problems developing in regions or commodities not normally affected.
An effective monitoring program must include the availability and use of a good sampling plan and reliable analytical techniques. Because mycotoxin contamination in foods and feeds is usually heterogeneous, precautions must be taken in sampling to obtain a reliable quantitative estimate of the concentration of a mycotoxin in a given lot. The errors associated with obtaining an accurate estimate of the true concentration of a toxin in a given lot may occur during sampling, sample preparation, or analysis. Of these, most errors are associated with the sampling technique and the analytical procedure. An overview of sampling and sample preparation preliminary to the identification and quantification of natural toxicants in foods and feeds was published r e cently (Park and Pohland, 1989) . All FDA district laboratories involved in monitoring activities are provided with a list of commodities known to be susceptible to aflatoxin contamination, a sampling plan (including product sample size), and a quota of the number of samples to be collected. Sampling of corn, corn-based products, peanut products, milk, and animal feeds is emphasized. Previous incidence data obtained from surveys of small grains such as soybeans, barley, oats, rye, and rice indicated that these grains were not a significant source of aflatoxin exposure unless they were stored improperly. The collected samples are analyzed by official methods specific for each commodity CAOAC, 19901; this analysis is performed mainly a t the Mycotoxin Analytical Laboratory in New Orleans, LA. The limit of detection by the AOAC procedure is 1 ng/g of substrate for aflatoxins in grains, nuts, and their products and .05 ng/mL for aflatoxin M1 in fluid milk products.
Regulatory activities are directed in accordance with existing compliance policy guides (Table 1) . The FDA announced in 1988 (FDA, 1988) that its current action levels are not binding on the courts, the public (including food processors), or the agency. The current levels do, however, represent the best guidance available on contaminant levels of regulatory interest. The agency intends to initiate notice and comment rule-making proceedings to amend certain of its regulations in the near future.
Discussion
Aflatoxins
The worldwide occurrence of aflatoxins in foods and feeds is well documented (Stoloff, 1982; Jelinek et al., 1989; Pohland and Wood, 1990) . Monitoring data obtained for fiscal years 1989, 1990 , and the first half of fiscal year 1991 are presented in Tables 2 through 8. The data highlight the unpredictable occurrence of aflatoxins and the relatively low background concentrations in certain commodities. These data are biased in the sense that the samples collected under compliance programs target those areas and commodities in which one is most likely to find contamination. In other words, they represent a worst-case situation. Even with the bias limitation and the relatively small number of samples involved, it is still possible to find useful trends in the data obtained over a Peanuts. A formal memorandum of understanding exists between the FDA and United States Department of Agriculture (USDA) on the examination of peanuts for the aflatoxins (Compliance Policy Guides 7155 a.11, 7155 a.13, and 7155 a.14). The USDA, in cooperation with the shellers, is responsible for the analysis and certification of all raw peanuts in commercial channels. The FDA is responsible for testing for aflatoxins in roasted shelled and in-shell peanuts and in processed peanut products. The data in Table 2 reflect an increase in the level of contamination in peanut butter and shelled, roasted peanuts in 1990 and 1991 compared with 1989. Over the years it has been generally observed that roasted, in-shell (''ball p a r k ) peanuts are always the least contaminated of the three products. It is known that roasting destroys at least 5 0 % of the aflatoxin in peanuts. It is thought that the roasting process, coupled with the grade and cultivar used, results in the relative freedom from aflatoxin of the roasted, in-shell peanuts from year to year.
Tree Nuts. Aflatoxins were found in almonds, pistachios, and walnuts (Table 3) . However, no aflatoxins were found in 13 cashew and filbert/ hazel nut samples. Current techniques of sorting nuts immediately after harvest, followed by cool, dry storage seems to be effective in maintaining a low incidence of contamination of almonds and walnuts in commercial channels. Domestic pistachio nuts have been consistently contaminated to a small extent during the past 5 yr. Contamination in some pistachio nuts has been traced to preharvest splitting of the hull and possible delays between the time of harvest and initiation of the drying process. As a source of aflatoxins in the human diet, tree nuts can be considered as minor because the per capita consumption of all nuts Corn. Corn is the grain most susceptible to aflatoxin contamination in the United States. Aflatoxin contamination in corn is a matter of concern each year in many of the southeastern states where the weather is favorable for the growth of Aspergillus flavus and A. parasiticus. The incidence of contamination by aflatoxins in other states is less frequent, depending on the prevailing weather during the preharvest and harvesting periods. Before the drought of 1983, the corn belt states were considered to be aflatoxin-free. The 1988 corn crop in virtually all areas of the United States was subjected to atypical weather conditions during the latter part of the growing season. Because of these conditions, the harvested corn contained higher than usual levels of aflatoxin contamination. Accordingly, the compliance program was modified so that a larger than planned number of corn samples was collected and analyzed for aflatoxin contamination. Corn from most areas of the country contained unusually high levels of aflatoxin contamination (Tables 4 and 5) . The unpredictable nature of the incidence and levels of contamination for a particular area from year to year is evident. The severe drought that occurred in the Southeast and in Texas in 1990 accounts for the increase in aflatoxin contamination in those areas. The data in Table 8 indicate that very little Contamination was observed in milled corn products. Studies have shown that the wet and dry milling processes for corn significantly reduce the aflatoxin content of the finished products used for human consumption. Additionally, cooking processes boiling, baking, and frying) also effectively reduce the aflatoxin content of foods (Scott, 19841. None of the 315 manufactured corn-based products (e.g., corn chips, tortillas, breakfast cereals, popcorn) examined contained aflatoxin concentrations > 20 ng/g. Cottonseed and Cottonseed Meal. Aflatoxin contamination of cottonseed and cottonseed meal may pose a hazard to humans through the consumption of edible animal products. Both of these commodities are used as feed ingredients for animals, including dairy cattle. The incidence of contamination is shown in other selected commodities. Twelve states had no formal monitoring program but were equipped to respond to a n aflatoxin outbreak whenever the need arose. A number of these states have adopted the regulatory limits established by FDA and are actively participating with FDA in a n aflatoxin data exchange program.
Other Mycotoxins
Many reports in the literature relate to the occurrence of mycotoxins other than aflatoxins in foods and feeds. A major concern is the accuracy of the data. Of the many analytical methods that have been published and used for obtaining survey data on mycotoxins, only a few have been subjected to formal interlaboratory study. In many cases, confirmation of analyte identity is not included. In view of the large variability associated with determining the mycotoxin concentrations in a given lot of food or feed and the limited numbers of samples analyzed, one must use caution in drawing conclusions about the quantitative results on mycotoxins reported in the literature. For the FDA to establish the need for a formal regulatory control program for a particular mycotoxin, background exposure data are needed as a first step. The following activities relating to other mycotoxins are also of concern to the FDA.
Ochrufoxins. The ochratoxins are metabolites produced by certain species of the genera Aspergillus and Penicillium. Ochratoxin A is the major metabolite of toxicological significance and is mainly a contaminant of cereal grains (corn, barley, wheat, and oats). It has also been found in beans (soya, coffee, cocoa), peanuts, and meat in some countries (Krogh, 1987) .
The results from surveys of corn, wheat, barley, sorghum, and oats conducted by the USDA and FDA between 1967 and 1985 revealed a very low concentration of contamination. Less than 2% of the 2,313 samples examined contained ochratoxin A. (A. E. Pohland, personal communication). The incidence of contamination was highest in barley.
No ochratoxin A was found in sorghum.
Ochratoxin A is nephrotoxic, teratogenic, and hepatotoxic in certain animal species and is believed to be a causal factor of a particular form of nephropathy observed in humans in the Balkan countries (Bulgaria, Romania, and Yugoslavia; Prior et al., 1983; Krogh, 1987) . Recent studies suggest that ochratoxin A is a renal and hepatic carcinogen in mice and rats (Kanizawa, 1984; Bendele et al., 1985; Boorman, 1988; Kuiper-Goodman and Scott, 1989) . In view of the latter findings, the FDA initiated a survey in 1989 to determine the incidence and concentrations of ochratoxin A in selected processed products in the United States. The commodities examined included dried peas/ beans, barley (whole/cereals), barley malt, green coffee beans, corn cereals, corn meal, oats (meal, crackers), rice (whole/cereals), rye flour, wheat flour, and soya-based baby food products. Of 351 samples collected and examined, none contained ochratoxin A. The limit of detection of the methodology used was approximately 10 ng/g. The results suggest that ochratoxin A contamination is not a major problem in the United States at this time. However, there is a need for continued surveillance.
Zearalenone. Zearalenone is a nonsteroidal, estrogenic mycotoxin produced by Fusarium species.
It is associated with reproductive problems in certain animals and possibly in humans. It is mainly a contaminant in corn. However, it may occur in oats, barley, wheat, and sorghum (Mirocha et al., 1976) . Surveys for zearalenone in feeds (corn, corn products, wheat, soybean, sorghum) moving in commercial channels in the United States were conducted by the FDA and USDA over a 9-yr period (Bennett and Shotwell, 1979) . The results revealed that only 8% of the 1,722 samples examined contained measurable concentrations of the toxin. The incidence and concentrations in corn varied from year to year, depending on the prevailing weather conditions that influenced the planting and harvesting time for a particular area. In two recent surveys of processed grain-based products breakfast cereals, popcorn, snack foods, corn meal, crackers/cookies/muffin mixes) conducted during 1985 and 1989, the same relative concentrations of zearalenone (average 19 to 20 pg/g) were detected each year, despite the adverse weather conditions that prevailed only during the 1989 crop year (Warner and Pestka, 1987; Abouzied et al., 1991) .
In vivo studies have revealed that zearalenone is rapidly metabolized in animals and humans and eliminated mainly as water-soluble glucuronides . Free and conjugated forms of zearalenone have been found in the milk of lactating cows under experimental conditions . That high oral doses of the toxin are required to elicit such a response indicates that consumption of contaminated feed by dairy cows would not result in a health hazard to humans (Prelusky et al., 1990 ). An assessment of the health risks associated with the presence of zearalenone in food products in Canada was recently published (Kuiper-Goodman et al., 1987) .
Tnchothecenes. At least 148 trichothecenes have been isolated and identified, mainly from Fusarium species (Scott, 1990) . Deoxynivalenol (DON; vomitoxin), produced by F. graminearurn, is among the most frequent trichothecene contaminants found on cereal crops in the United States. Wheat and corn are particularly affected. Contamination
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of these crops by F. graminearurn usually occurs when harvest is immediately preceded by cool and wet weather conditions (Pathre and Mirocha, 1979) . Zearalenone is commonly found to co-occur with DON in the United States. Adverse weather conditions in the central part of the United States during the 1982 crop year resulted in a n unusually high incidence of infection of winter wheat by Fusaria. Surveys of mold-damaged wheat for DON were conducted by the FDA and USDA (Eppley et al., 1984; Shotwell et al., 1985) . The data reflected high concentrations (average 3.6 pg/g) of DON in the scabby wheat as well as a good correlation between the occurrence of DON and the degree of scabbiness (grade) of the wheat. Shelled corn collected at various grading stations within the major corn-growing region was examined and found to contain up to 2.14 pg of DON/g (average .35 pg/gl. The FDA issued a n "advisory" to federal and state officials recommending a level of concern for DON of 2 pg of DON/g for wheat entering the milling process, 1 pg/g in finished wheat products for human consumption, and 4 pg/g for wheat and wheat milling by-products used in animal feed (Anonymous, 19821. To assess the potential for human exposure to DON in finished wheat and corn-based products in commercial channels, several surveys were conducted (Brumley et al., 1985; Trucksess et al., 1985;  Wood and Carter, 1989;  Abouzied et al., 1991) . High incidences of DON contamination were reported for various wheat and corn products, including snack foods, breakfast cereals, and oat-and rice-based products. The mean concentration of DON in all positive samples in the most recent survey was > 4 pg/g (Abouzied et al., 1991) . Based on current toxicological data, the highest concentration of DON found in the surveys ( > 10 pg/g for two samples) would not present a n acute toxicity risk to humans (Forsell et al., 1987; Ueno, 1987) .
Deoxynivalenol is rapidly metabolized in all animal species studied. Therefore, residues of DON would not be expected to accumulate in edible tissues to a n extent that would pose a health hazard to humans (Prelusky et al., 1984; Prelusky and Trenholm, 1991) .
The T-2 toxin, produced mainly by Fusarium tricinctum, was the first trichothecene to be found as a naturally occurring grain contaminant in the United States (Hsu et al., 1972) . It was associated with a lethal toxicosis in dairy cattle that had consumed moldy corn in Wisconsin. No other confirmed incidence of T-2 toxin has been reported in the United States. This toxin is rarely a s sociated with disorders in animals or humans in other countries (Mirocha, 1984) . The chance of finding it as a residue in edible tissue is remote because it is rapidly metabolized in vivo (Yoshizawa et al., 1981) .
There are no confirmed reports of the occurrence of nivalenol in the United States. The cooccurrence of nivalenol with DON in cereal grains in Canada, Japan, and other countries has been well documented (Scott, 1990) .
PatuZin and PeniciZlic Acid. Patulin is a toxic metabolite of several fungal genera, including
Penicillia. The natural occurrence of patulin has been associated with soft rot in apples and other fruits. If the fruit contains sulfhydryl compounds in a n amount sufficient to bind all patulin produced, it will not be a problem (Scott and Somers, 1968) . In view of its instability in foods rich in sulfhydryl compounds (grains, meats, and cheese) and its low oral toxicity in animals studied, patulin does not seem to be of real concern in the United States (Becci et al., 1981; Harrison, 1989) . Penicillic acid is also produced by species of Penicillia. This toxin has been found in "blue eye" corn and dried beans (Thorpe and Johnson, 1974) . Limited reports on the occurrence of penicillic acid in foods may be attributed to its property of reacting with sulfhydryl compounds in a manner similar to that of patulin.
Citn'nin. Citrinin, produced by species of the genera Penicillia, is usually found in feedstuff as a co-contaminant with ochratoxin. Citrinin is a nephrotoxin, like ochratoxin A, and causes lesions in many animal species and, specifically, renal tumors in rats (Arai and Hibino, 1983) . Unfortunately, no satisfactory analytical methods are available for this mycotoxin. Therefore, incidences and concentrations reported in foods and feeds are not reliable. There are no confirmed reports of the occurrence of citrinin in the United States.
CycZopiazonic Acid. Cyclopiazonic acid (CPAI is produced by several Penicillia species and by A. flavus. It has been found naturally in corn, cheese, and visibly molded peanuts (Gallagher et al., 1978;  LeBars, 1979; Lansden and Davidson, 1983) . Because analytical methods for CPA are not well developed, there are no survey data relating to incidence and concentrations in susceptible commodities. The acute toxicity of CPA is low in the animal species studied, and there are no chronic toxicity data currently available (Norred, 1990) .
Sterigmatocystin. Sterigmatocystin is produced by several species of the genus Aspergillus and by other fungal genera. It is of concern because its structure is very similar to that of aflatoxin and it also exhibits carcinogenic and mutagenic properties (Purchase and van der Watt, 1973;  Ueno et al., 19781. Although the genera that produce this toxin are widely distributed among agricultural commodities, there are very few reports on the natural WOOD occurrence of this toxin (Schroeder and Hein, 1977; Northolt et al., 1980) . In a survey conducted by the FDA during 1974 and 1975, no sterigmatocystin was found in any of 574 grain samples examined (Stoloff, 1982) .
Alternaria. Fungi of the genus Alternaria are commonly found in the soil and are frequently encountered on agricultural products after harvest. The major mycotoxins produced by species of this genus include alternariol, alternariol methyl ether, altenuene, altertoxin-1, and tenuazonic acid.
In the United States, some of these mycotoxins have been found in damaged grains and nuts and in infected fruits and vegetables (Seitz et al., 1975; Schroeder and Cole, 1977;  Stinson et al., 1981 ; Stack et al., 1985) . Because current survey (incidence/concentrations) and toxicological data are insufficient, the hazards associated with these toxins in foods and feeds cannot be assessed.
Ergot Alkaloids. The ergot alkaloids are found in the sclerotia formed by Claviceps purpura and other fungal species on cereal grains. These alkaloids are responsible for the human disease ergotism, which is rarely reported today. The enforcement of grading standards and the cleaning, milling, and thermal processes used for cereal grains have greatly reduced the concentration of these alkaloids present in commercial products (Scott and Lawrence, 1982) . In the United States, ergot alkaloids are believed to be responsible for the toxicity of tall fescue grass to cattle (Lyons et al., 19861. Fumonisins. The Fumonisins (FB1 and FB$ were recently isolated from Fusarium moniliforme cultures and found to promote cancer in rats (Gelderblom et al., 1988) . These toxins occur naturally in corn and have been associated with equine leukoencephalomalacia and porcine pulmonary edema syndrome in the United States (Ross et al., 1990 ; Wilson et al., 19901. Although several analytical methods have been published, only one has been subjected to a collaborative study, and the results of that study have not yet been published. An intragovernmental research committee was recently formed (FDA-USDN to oversee the status of developing research. Its aim is to identify and support research for regulatory needs, to aid in development of analytical methods (including rapid screening tests), and to encourage additional government and private funding for fumonisin research.
Implications
The surveillance and regulatory programs of the Food and Drug Administration for mycotoxins are designed to keep the amount in foods and feeds a t the lowest concentrations attainable and are consistent with maintaining a n adequate commodity supply at a reasonable cost. Human exposure to aflatoxins in the United States is relatively low. The monitoring efforts of the Food and Drug Administration are complemented by control programs carried out by USDA, state departments of agriculture, and various trade associations. Data on incidences and concentrations of various mycotoxins in the United States can be coupled with toxicological data so that estimates of human risks can be made and regulatory limits imposed when warranted.
Literature Cited
